history with findings of blood pressure readings in excess of 150 mm Hg systolic or 90 mm Hg diastolic. Accordingly, all patients in the series are regarded as hypertensive. All patients were right-handed.
The presence and location of the hematoma was confirmed by CT scan in all cases. The scanner was Delta Scanner 50 Unit or an EMI CT-10A. The period from onset until the first CT scan was less than 24 hours in 15 cases, within 3 days in 6, within 5 days in 3, within 7 days in 1, within 8 in 2 and within 11 in 2. A total of 25 patients (86.2%) were seen within 1 week.
The maximum diameter, maximum width and length of the high absorption area over the hematoma, as seen in the CT scans, were measured visually and calculations of the hematoma volume done to adjust for the thickness. The maximum height of the hematoma was calculated by multiplying the number of slices involved by the slice thickness (10 mm). A reliable method for estimating the volume of hematomas has not yet been established, but when using the Delta Scanner 50 Unit, it is possible to make such calculations in a consistent manner using the accompanying MAP programmer, The area of the hematoma in each slice is measured and this value is multiplied by the thickness of the slice. The sum volume of the values for each slice is then taken as the volume of the hematoma. 1 ' 2 When this method could not be used or when the EMI CT-10A Scanner was used for diagnosis, the volume of the hematoma of such patients (as well as those of patients where the Delta Scanner was used), STROKE VOL 14, No 4, JULY-AUGUST 1983 was estimated using a simplified method. That is, the cubic content of the hematoma was calculated from measured of maximum width (X), length (Y) and height (Z), and the hematoma volume taken as Vi that volume (X-Y-X/2).
Evaluation of the patient's condition was made according to Kanaya's grading of ability in daily life (ADL). 3 Normally this grading system is used 6 months postoperatively, but since there were also nonoperated cases in the present series, all patients were evaluated 6 months from onset. The system includes 6 grades: ADL 1: Recovery to a normal or almost normal state (social recovery), ADL 2: Patient is capable of daily life with self-reliance (partial social recovery), ADL 3: Patient is capable of daily life but requires the assistance of others (social recovery difficult), ADL 4: Patient is not capable in daily life, ADL 5: Vegetative state, ADL 6: Dead.
In the current study we consider any outcome of ADL 4 or lower as poor. Of the 29 cases, continuous ventricular drainage was instituted in 11 cases and 18 were treated conservatively. Factors which were investigated included the following: 1) age, 2) side of lesion, 3) consciousness level on admission, 4) pyramidal tract signs (Babinski sign), 5) localization of the hematoma, 6) volume of the hematoma, 7) maximum diameter, width, length and height of the hematoma, 8) ventricular penetration of hematoma, 9) ventricular dilatation, 10) midline shift, and 11) nature of the surgical operation.
The level of consciousness was evaluated on admission using the 3-3-9 system. 4 This 3-3-9 formula shown in table 1 is a grading of level of consciousness in acute stage proposed by Ohta, T. et al in 1975 (Table 1) .
Results

DAge
There was a tendency for better recovery among younger patients, and poorer recovery in the more elderly, particularly those over 60. These trends were not, however, statistically significant (table 2) .
2) Side of Lesion
The side of the lesion had no effect upon outcome.
3) Consciousness
The level of consciousness on admission had a close relationship with the outcome. A score of 3 or better was found to be significantly correlated with better prognosis (p < 0.005). Only 1 of 17 such cases showed an ADL greater than 4 (tables 1 and 3). A relationship between the outcome and the differences between the level of consciousness at onset and admission is shown in table 4.
4) Pyramidal Signs
Pyramidal tract signs were evaluated in terms of the presence or absence of the Babinski sign. One patient showed no Babinski sign (3%) and 14 patients showed unilateral signs (48%). The remaining 14 patients (48%) showed bilateral signs. The recovery of the patients with bilateral Babinski signs was significantly worse (p < 0.025) than that of the patient with no or unilateral signs (table 5).
5) Localization of the Hematoma
As judged from the vessels 5 from which thalamic hemorrhage can occur, there are 4 main types: anterior nuclei type, medial nuclei type, lateral nuclei type and all thalamic nuclei type. Our cases included 22 lateral nuclei type and 7 all thalamic nuclei type hemorrhages; there were no medial nuclei or anterior nuclei types. Patients with lateral nuclei type lesions showed significantly better recovery than the all thalamic nuclei type (p < 0.025).
6) Volume of the Hematoma
The hematoma volume was evaluated using the MAP program in 16 of the cases where the Delta Scanner 50 Unit was employed. Six had hematomas of less than 5 ml, 7 less than 10 ml, 2 less than 15 ml, and 1 greater than 15 ml. Recovery was significantly better (p < 0.005) in the cases with hematomas of a volume less than 10 ml (table 6).
The simplified method for estimating hematoma volume, as described above, was used in all 29 cases. Nine cases showed hematomas less than 5 ml in volume, 9 less than 10 ml, 8 less than 15 ml and 3 greater than 15 ml. Those with volumes greater than 10 ml showed significantly poorer recovery (p < 0.01) (table Grade III. The patient is unable to be aroused with any forceful mechanical stimulus, and (300) 3 is not responsive at all except for change of respiratory rhythm, (200) 2 is responsive with slight movements including decerebrate response, or (100) 1 is responsive with combative or purposeful movements. Grade II. The patient is able to be aroused with mechanical or verbal stimuli, and (30) 3 is barely aroused with repeated mechanical stimuli, (20) 2 is aroused with loud voice or shaking shoulders, or (10) 1 is aroused easily with usual voice. Grade I. The patient is awake without any stimulus, and (3) 3 is quite senseless and cannot tell even his own name or date of birth, (2) 2 is disorientated to time, place, and person, or (1) 1 is seemingly alert but not fully so.
"R" and "Inc" are added to the grading in case of restressness and incontinence. The height of the hematoma was calculated as the slice thickness times the number of slices. These varied from 10 to 50 mm, averaging 25.8 mm. Patients with hematoma heights of 40 or 50 mm showed significantly poorer recovery (p < 0.025) (table 11).
8) Ventricular Penetration of the Hematoma
Ventricular penetration was found in 13 cases (44.8%) and not found in the remaining 16 cases (55.2%). The degree of ventricular penetration varied greatly. Two patients showed hematoma penetration into 1 ventricle (third ventricle, fourth ventricle or lateral ventricles), 7 showed penetration into 2 ventricles, 3 into 3 ventricles and 1 into all 4. The number of cases with various degrees of hematoma within the ventricles was small for each type so that further analysis was not attempted. The correlation between recovery and the presence or absence of ventricular penetration and the number of ventricles involved was investigated. A tendency toward poorer prognosis with ventricular penetration was seen, but this did not reach statistical significance (table 12) . It should be noted that among the cases with ventricular penetration, continuous ventricular drainage was performed in 9. 9) Ventricular Dilatation Using the CT scans, the cerebroventricular index of bifrontal diameter was calculated following Hahn, 6 and those with indices in excess of 0.35 were determined as having ventricular dilatation. Such dilatation was diagnostic of poor recovery (p < 0.05) (table 13).
10) Midline Shift
When the midline of the third ventricle was found to deviate more than 2 mm, midline shift was assumed. There was a tendency for a poorer prognosis in cases with midline shift and the greater the midline shift the poorer the prognosis, but these tendencies did not reach statistical significance.
11) Nature of the Surgical Operation Eighteen cases remained unoperated and 11 had serious condition than the nonoperated cases. Consequently, there was a tendency for the patients with ventricular drainage to have poorer recovery, but this was not statistically different from the unoperated cases. Although it is generally believed that ventricular drainage is effective, 7,8 the number of cases in the present study was too small to allow for detailed analysis.
Discussion
Since the development of CT scanning, definitive diagnosis of thalamic hemorrhage has become possible and it has become apparent that such hemorrhages constitute between 20 and 35% of all cerebral hemorrhages, 9 , l0 and not 10-15% as previously believed. 10 , " Excluding the positive effects of continuous ventricular drainage or shunt operations in cases of thalamic hemorrhage, when ventricular dilatation or intraventricular hematoma is present, the size and site of the hematoma and the degree of brain damage at the site of the hemorrhage are thought to determine the degree of recovery following onset. For this reason, we considered that an investigation of factors in the acute stage which contribute to the prognosis in clinical cases would be particularly significant. (table 2) Few reports have appeared concerning the correlation between age and recovery in thalamic hemorrhage. Walsche et al. 10 reported an average age of 79 years among 9 such deaths, and an average age of 54 among 9 such survivors. Nakahara et al., 12 however, reported that there is no correlation between age and recovery in this lesion. We have found that recovery was poorer in the older patients, but this trend was not statistically significant.
1) Age and Recovery
2) Laterality and Recovery
It has previously been reported that the prognosis following thalamic hemorrhage is not affected by the side of the lesion or whether it is located on the dominant or non-dominant side." We also have found no correlation between the side of the lesion and recovery.
3) Consciousness and Recovery (tables 1, 3 and 4)
There are many reports of a high correlation between the level of consciousness and survival and between level of consciousness and functional recovery.
9, 10, ,2~14 Since the methods for evaluating the deficit in consciousness and the ADL differ among these reports, it cannot be said that they are necessarily discussing the same issues. We have consequently attempted to evaluate all subjects in previous reports, including our own, using the 3-3-9 system. Ninetyfour to one hundred percent of the patients with scores of 0-3 had good prognosis both for continued life and functional recovery (ADL: 2, 3 or better); the death rate for scores of 10-30 was 6-30% and functional recovery was 50-75%. With scores of 100-300, the death rate was 33-86% and functional recovery was uncommon (0-7%). In other words, a level of consciousness rated as 0-3 indicated a favorable prognosis, patients with scores of 10-30 included both cases of favorable and unfavorable outcome, and those with scores of 100-300 indicated poor prognosis both regarding life and functional recovery. (table 5) The number of reports concerning the correlation between neurological signs and recovery is surprisingly small. We have previously noted in a study of 6 patients that bilateral Babinski signs indicate a poor prognosis, 1 whereas unilateral cases have favorable outcomes. In the current study of 29 subjects, similar findings of statistical significance were obtained. Previous studies have emphasized the close correlation between ocular signs and prognosis, 9,15,16 but we unfortunately did not have detailed records in this regard.
4) Neurological Signs and Recovery
5) Site of the Hematoma and Recovery
In light of the known functional anatomy of brain lesions, it is not surprising that functional recovery following damage to the medial thalamic nuclei is good, whereas motor function is disturbed with damage to the lateral nuclei, and damage to the entire thalamus is threatening both to life and functional recovery.
13, I4
Our cases included 22 with damage to the lateral nuclei and 7 with damage to the entire thalamus, the prognosis of the former being significantly better than that of the latter.
6) Volume of the Hematoma and Recovery (tables 6 and 7)
Problems remain concerning the statistical methods and reliability of measurement of hematoma volume 2, l7 and we intend to report details on this matter elsewhere. However, there is at least one report indicating a poor prognosis when the hematoma exceeds 30 ml in volume. 12 Our colleagues, Suzuki etal., 1 have reported a lack of correlation between hematoma volume and ADL in a study of 6 patients, but the present study in 29 cases, including the 6 cases reported by Suzuki et al., indicates clearly that a hematoma volume in excess of 10 ml is significantly correlated with a poor prognosis. This was found using either method for calculating the hematoma volume and must be considered a more definitive result than our previous work. In one study, 10 there were no survivors among the patients with hematomas with maximum diameters in excess of 33 mm and no deaths with diameters less than 27 mm. A second study 9 found no deaths with maximum diameters less than 20 mm and 73% of 14 cases with maximum diameters over 41 mm died. A third study 15 showed 57% of 14 such patients died and 29% remained in a vegetative state. We have found that there were no deaths among cases with maximum diameters less than 25 mm and the functional recovery was better the smaller the hematoma. In other words, a strong correlation between hematoma maximum diameter and recovery was seen. There have not been previous reports concerned with the correlation between prognosis and hematoma width, length and depth. However, since damage to or pressure on the hypothalamus is known to have the greatest effects on survival, the site and depth of the hematoma are important factors. Moreover, damage to the internal capsule is known to have the greatest effects on recovery of motor function, so that the width of the hematoma becomes an important factor.
With regard to the correlation between prognosis and maximum width, a width less than 30 mm was significantly correlated with a favorable recovery. In light of the fact that the thalamus is known to be 18 mm from the midline at the level of the VIM, and 22-23 lateral at the level of the pulvinar, 18 the internal margin of the internal capsule is thought to be 25 mm from the center of the pineal body and the external margin 34.1 mm from there, 19 as seen in CT scans parallel to the OM line.
At less than 30 mm, the internal capsule is not necessarily uninjured and lateral compression is likely. Currently, however, there is no reliable means for distinguishing between the destruction of the internal capsule and merely its compression, based either upon CT scans or clinical signs. This is a problem in need of further study.
Concerning the correlation between hematoma maximum length and recovery, a length less than 25 mm was significantly correlated with favorable prognosis. The bleeding point among various thalamic hemorrhages is not always the same, but since the maximum length of the thalamus is approximately 30 mm, 18 these findings are thought to indicate that when the hematoma is confined to the thalamus the prognosis is good. Maximum depths less than 40-50 mm showed significantly better recovery than greater depths. Since the thalamus is known to have a depth of about 20 mm, 18 it is apparent that a hematoma above the thalamus does not unfavorably influence the prognosis. Naturally, if the hematoma occurs in the hypothalamic region, the prognosis is significantly poorer, but conclusive arguments from the present study cannot be made, since details concerning the anatomical location of the hematoma were not investigated. (table 12) It has generally been thought that ventricular penetration of a thalamic hemorrhage indicates poor recovery, 101420 ' 21 but as early as 1964 Kameyama 22 had reported that, rather than ventricular penetration itself, the important factor in the poor recovery is the massive size of the hemorrhage which ultimately leads to ventricular penetration. Moreover, it is well known that not all patients with ventricular penetration show poor recovery, so the prognosis may be more influenced by the degree of damage to the thalamus, hypothalamus, and midbrain caused by the hematoma. 13 In our study, we have found a tendency for ventricular penetration to be associated with poor recovery, but this trend was not statistically significant. The small number of cases (29) prevents firm conclusions, but we believe that, rather than the presence or absence of ventricular penetration itself, the degree of intraventricular hemorrhage and the resultant secondary hydrocephalus, etc. are the primary influences on recovery. 9) Ventricular Dilatation and Recovery (table 13) It has been reported that ventricular dilatation is associated with poor recovery 10 ' 14 and we have obtained similar results in the present study. Various authors 14 have pointed out that there are both cases of ventricular dilatation following soon after onset and cases of ventricular dilatation occurring suddenly after a few days. We also experienced one case of sudden ventricular dilatation 7 days from onset. Ventriculography in this case indicated that the dilatation was caused by a clot obstructing the entrance to the aqueduct. Although causal factors have not been discussed, others have reported cases where sudden coma or death has followed a few days after onset. 1123 We wish to point out that the cause for such sudden worsening could easily be obstruction of the entrance of the aqueduct by a clot, leading to acute hydrocephalus.
8) Ventricular Penetration and Recovery
10) Midline Deviation and Recovery
Defining midline deviation as deviation of the third ventricle from the midline by more than 2 mm, it was found that the presence of such deviation was associated with poor recovery and the greater the deviation, the poorer the recovery, but these trends were not statistically significant. It was also found that the cases with hemorrhage to the entire thalamus tended to have greater deviation, but it is not thought that the midline deviation itself had a direct influence on recovery in such cases.
11) Continuous Ventricular Drainage and Recovery
There have been numerous reports emphasizing the effectiveness of continuous ventricular drainage. 78 Currently, the most appropriate surgical treatment in the case of thalamic hemorrhage is thought to be continuous ventricular drainage and ventricular irrigation whenever ventricular dilatation or ventricular penetration by the hematoma has occurred. All 11 of our continuous ventricular drainage cases had either ventricular dilatation or ventricular penetration and included more severe cases than were found among the non-operated cases. Consequently, the recovery in the operated cases was poorer than in the non-operated cases. Comparative study of operated and non-operated cases must therefore be undertaken using patients in similar conditions in order to determine which surgical by guest on April 3, 2017 http://stroke.ahajournals.org/ Downloaded from procedure has beneficial effects upon the ADL. Clinically, however, the effectiveness of continuous ventricular drainage is well known and a worsening of symptoms due to reduced drainage is frequently experienced. As mentioned above, when there is acute hydrocephalus a few days from onset after the patient has already reached a stable and improved condition, it is extremely important to institute continuous ventricular drainage without delay. When such drainage cannot be removed after 7-10 days, it goes without saying that a ventricular-peritoneal shunt operation is called for.
Our investigation of the factors correlated with prognosis in cases of acute period thalamic hemorrhage has shown that there are cases where a large hematoma results in a favorable prognosis and, contrarily, a small hematoma to a poor prognosis. We believe that further study of the correlation between prognosis and site of the hematoma and site of brain damage and investigation of the relative merits of conservative treatment and surgical intervention will lead to a clearer understanding of the factors involved in prognosis and, furthermore, allow for further improvements in medical treatment.
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